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Summary
Sleep disturbances are common among pregnant women and safe treatments to improve sleep are
needed. Generally, physical activity improves sleep, but studies are lacking on the associations of
physical activity with sleep among pregnant women. Our aim was to investigate the cross-
sectional association of various modes of physical activity and activity clusters with sleep quality
and duration among 1259 pregnant women. Participants were recruited into the Pregnancy,
Infection, and Nutrition Study from prenatal clinics at the University of North Carolina Hospitals
(Chapel Hill, NC). Women self-reported sleep quality and duration and physical activity in the
past week. We used cluster analysis to create seven physical activity profiles and multivariate
logistic regression analysis with adjustments for age, race/ethnicity, education, marital status,
parity, self-rated general health, anxiety, and depressive symptoms. Women with higher levels of
occupational physical activity were more likely to report either short or normal sleep duration as
compared to longer duration. Women with higher levels of indoor household physical activity
were less likely to report normal sleep duration as compared to shorter duration. Women in the
recreational-indoor household activity cluster were less likely than women in the inactivity cluster
to report normal sleep duration as compared to longer duration. Our data suggest weak
associations of physical activity with sleep duration and quality in late pregnancy. Physical
activity is recommended to pregnant women for health benefits, yet more research is needed to
understand if physical activity should be recommended for improving sleep.
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Introduction
Pregnant women report sleep disorders frequently and increasingly as their pregnancies
progress.1-4 Pregnant women complain about poor sleep quality, shorter sleep duration,
awakenings, trouble falling asleep, and a lower sleep efficiency (i.e., time spent awake in
bed).1, 2 Many sleep disorders are caused by physiological changes in pregnancy, such as
discomfort, shortness of breath, restless legs syndrome, increased urination frequency, and
nightmares.1, 2 Previous studies suggest that pregnant women increase their total sleeping
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time in early pregnancy and obtain less deep sleep, but the amount of total sleep starts to
decrease after the first trimester.1, 3, 5 Multiparae have more awakenings during the night
and a lower sleep efficiency than primiparae.1, 3
Both poor quality of sleep and abnormal sleep duration (i.e., less or more than 7-8 hours of
sleep per day) are associated with increased morbidity and mortality.6-10 Thus, modifiable
behaviors that improve sleep are important. Physical activity and exercise are associated
with better sleep and fewer sleep disturbances among healthy adults.11-18 Exercise in bouts
longer than 1 hour is associated with longer sleep duration and low intensity exercise has
been shown to have positive effects on sleep.12 In addition, physical activity carried out in
early evening may be the optimal timing for improved sleep.13 One study reported regular
walking was associated with fewer sleep disorders17 and in another study higher intensity
exercise was associated with better sleep,15 but most of the previous studies have not
examined different types of physical activity.
Considering the health benefits of good sleep, pregnant women are an important target
group to improve sleep, yet the challenge lies in finding an adequate and safe treatment,
because pharmacological treatment is not recommended for pregnant women.1, 12 The
potential role of physical activity in improving sleep among pregnant women has not been
studied in detail before. We found only three published pregnancy studies that had
simultaneously measured sleep and physical activity,19-21 but none investigated whether
sleep and physical activity were associated. Our aim was to investigate the cross-sectional




Women were recruited into the Pregnancy, Infection, and Nutrition 3 (PIN3) Study, a
prospective study that examined associations between physical activity, stress, and preterm
birth. Patients seeking services from prenatal clinics at the University of North Carolina
Hospitals (Chapel Hill, NC) were identified by study staff through a review of prenatal
medical charts and women were recruited if they were less than or equal to 20 weeks'
gestation. More detailed information on the PIN Study is provided at
http://www.cpc.unc.edu/projects/pin.
Exclusions for recruitment included women under the age of 16 years, non-English
speakers, those not planning to continue care or deliver at the study site, women carrying
multiple gestations, or women who did not have a telephone from which they could
complete phone interviews. Recruitment started in January 2001 and ended in December
2005. During this time 3203 women were eligible for the study and 2006 volunteered to
participate. Women participated in two research center visits, two telephone interviews at
17-22 and 27-30 weeks' gestation, and completed several self-administered questionnaires.
Women were excluded from these analyses if they participated in the PIN3 Study for a
second or third time (n=131) or had missing information on physical activity (n=306), sleep
duration or quality (n=295), or other covariates (n=15), leaving 1259 women in the current
analyses. The University of North Carolina Institutional Review Board approved the study
protocol, and the participants gave written informed consent.
Measurement of physical activity
Interviewers administered a past week recall on physical activity during the two telephone
interviews and information obtained at 27-30 weeks' gestation was used in these analyses.
Using recreational activity as an example, the question asking about participation in
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particular modes of physical activity was: “In the past week, did you participate in any non-
work, recreational activity or exercise, such as walking for exercise, swimming, or dancing,
that caused at least some increase in breathing and heart rate?” If the participant responded
‘Yes’, then the interviewer asked her to list all types of activities, one by one, with the
following question: “What type of recreational activities did you do during the past week?”
For each activity, the participant reported the number of sessions per week, duration of each
session, and the perceived intensity level using the following options: ‘fairly light,’
‘somewhat hard,’ and ‘hard or very hard’. The activities were assigned an absolute intensity
level using published metabolic equivalent (MET) tables.22, 23 These questions were
repeated for occupational, transportation, care giving, indoor household, and outdoor
household activity. The outcome variables were log-transformed MET hours in the past
week (MET h/wk) for each mode of activity. More detailed description is provided
elsewhere.24
Measurement of sleep duration and quality
Sleep quality and duration was collected in a self-administered questionnaire given to
women at their 24-29 weeks' gestation clinic visit. Sleep quality was assessed with the
following question: “How would you describe the quality of your sleep most nights?” The
response options were poor, fair, good, and excellent. Poor and fair categories were
combined into ‘poor sleep quality’ and good and excellent into ‘good sleep quality’ in the
analyses. The question on sleep duration was: “How many hours of sleep do you usually get
each 24 hours?”, with response options 3 or fewer hours, 4 hours, 5 hours, 6 hours, 7-8
hours, and 9 or more hours. Sleep duration was categorized with 7-8 hours being ‘normal
sleep’, 6 hours or less being ‘short sleep’, and 9 hours or more being ‘long sleep’ for the
analysis. The sleep instrument is described in detail elsewhere.25
Measurement of other variables
Age, race and ethnicity, marital status, parity, general health, and education were assessed
from medical records or during the first telephone interview. At their second clinic visit,
women were given a self-administered questionnaire in which depressive symptoms were
measured by the Center for Epidemiologic Studies Depression scale (CES-D)26 and anxiety
by the State Anxiety Inventory (STAI).27
Statistical methods
Cluster analysis was used to identify physical activity profiles that would describe individual
physical activity behavior, independent of the actual modes of activity. Cluster analysis
methods attempt to find natural groupings in data by clustering individuals into meaningful
groups based on the values of assessed variables (here, physical activity variables).28-31
Multiple non-hierarchical cluster analyses were conducted to partition data into different
numbers of user-specified non-overlapping groups. Computationally the goal is to maximize
the inter- to intra-variability ratio, indicating that individuals differ more from those in
different clusters than those in the same cluster. To achieve this, 1000 iterations of cluster
procedures were conducted to identify optimal specifications for initial cluster centers (SAS
FASTCLUS); the iteration that maximized the ratio suggested the best fit and was used in
further analyses. Clustering variables included the log-transformed MET h/wk physical
activity measures for recreational, care giving, indoor household, outdoor household,
transportation, and occupational activity. Inspection of resulting clusters revealed the 7-
cluster solution to provide the most robust and intuitively meaningful collection of groups.
Names for the seven resulting groups were based on the predominant distribution:
“inactive”, “recreational”, “mixed”, “care giving”, “recreational-indoor”, “transportation”,
and “recreational-care giving”. See Figure 1 for a graphical description of the 7-cluster
model and the mean level of activity that women in each cluster reported.
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To study the associations between physical activity and sleep quality and duration,
unconditional logistic regression analysis was used. Results were reported as odds ratios
(OR) with 95% confidence intervals (95% CI). We analyzed the odds for good sleep quality
as compared to poor quality, for normal sleep duration as compared to short duration, and
for normal sleep duration as compared to long duration. Unadjusted models included the
physical activity variables and adjusted models also included age, race/ethnicity, education,
marital status, parity, self-rated general health, anxiety, and depressive symptoms. These
variables were selected as covariates in the analyses because they correlated (using Pearson
or Spearman correlation coefficients) with both physical activity and sleep in the bivariate
analyses. All analyses were examined separately for physical activity clusters (reference
category being the ‘inactive cluster’) and the original physical activity modes themselves
(continuous, log-transformed total MET h/wk). The total amount of physical activity (i.e., all
modes summed together) was not associated with sleep quality or duration and therefore was
not used in the further analyses. Hosmer-Lemeshow goodness of fit tests were carried out
for the adjusted models.
Results
Participants' mean age was 29.4 years (standard deviation 5.4 years) and most were non-
Hispanic white (73.5%), had no children (51.6%), and were married (79.2%)(Table 1).
Women reported mostly excellent or very good general health (77.2%) and most were
working (66.6%). Highest levels of physical activity were reported for recreational activity
(mean 7.3 MET h/wk and median 3.7 MET h /wk) and lowest for transportation physical
activity (mean 1.1 and median 0.0 MET h/wk). The mean overall level of physical activity
was 22.2 MET h/wk and median 14.9 MET h/wk. The majority, 61.3%, reported normal
sleep duration (7-8 hours of sleep per day), 25.4% short sleep, and 13.3% long sleep, while
44.0% of the women reported excellent or good sleep quality, whereas 43.9% reported fair
and 12.1% poor quality.
A good sleep quality was reported among women in the recreational physical activity cluster
and who were aged 26 to 34 years, married, nulliparous, more highly educated, currently
working, and in excellent or very good general health (Table 1). Normal sleep duration was
observed more often among women who were aged 26 to 34 years, non-Hispanic whites,
nulliparous, married, more highly educated and currently working, and in excellent or very
good general health.
Women in the care giving physical activity cluster were less likely (OR 0.59, 95% CI
0.38-0.89) to report good sleep quality as compared to those in the inactive cluster, but this
association was attenuated after adjusting for age, race/ethnicity, education, marital status,
parity, general health, anxiety, and depressive symptoms (Table 2). In the models using
physical activity modes, rather than clusters, recreational activity was associated with good
sleep quality (OR 1.05, 95% CI 1.01-1.09) and care giving activity with poorer sleep quality
(OR 0.96, 95% CI 0.93-0.99), but these associations attenuated to the null after adjusting for
covariates.
Women in the recreational physical activity cluster were more likely than those in the
inactive cluster to report normal sleep duration as compared to short duration (OR 2.02, 95%
CI 1.20-3.40), but this association was attenuated after further adjustments (OR 1.37, 95%
CI 0.78-2.39) (Table 3). In the unadjusted models using activity modes, higher recreational
activity (OR 1.04, 95% CI 1.00-1.08) and transportation activity (OR 1.06, 95% CI
1.01-1.13) were associated with higher odds and higher indoor household activity with
lower odds (OR 0.95, 95% CI 0.90-0.99) for normal sleep duration when compared to short
sleep duration. After adjusting for other covariates, these associations attenuated, except for
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indoor household activity (OR 0.95, 95% CI 0.90-1.00). In the adjusted model, occupational
physical activity was associated with normal sleep duration as compared with short sleep
(adjusted OR 0.96, 95% CI 0.91-1.00).
In the models predicting normal sleep duration as compared with long sleep, women in the
recreational-indoor cluster had a lower odds than women in the inactive cluster to report
normal sleep (unadjusted OR 0.69, 95% CI 0.41-1.16, adjusted OR 0.55, 95% CI 0.32-0.94).
For the physical activity modes, higher levels of occupational activity (OR 1.11., 95% CI
1.04-1.20) and transportation activity (OR 1.08, 95% CI 1.00-1.16) were associated with
normal sleep duration, yet only occupational physical activity was associated in the adjusted
models (OR 1.11, 95% CI 1.03-1.19).
Discussion
Our cross-sectional data on 1259 pregnant women suggest that physical activity was not
strongly associated with sleep quality or duration. Higher occupational physical activity was
associated with sleep duration in the adjusted model, suggesting that women who have
physically demanding jobs are more likely to sleep normal or short hours (7-8 h or less).
Furthermore, women reporting higher indoor household physical activity were less likely to
report normal sleep duration as compared to short duration and women belonging to the
recreational-indoor activity cluster were less likely to report normal duration as compared to
long duration. More research should be carried out among pregnant women to understand if
the amount or intensity of work-related or indoor household activity is a key behavior
affecting sleep duration.
We found only a few associations with sleep duration that remained after adjustment for
potential confounding factors. This could be explained by women's physical activity
behavior, as participation in physical activity decreases towards the third trimester32 and the
amount of activity may not be long or intensive enough to yield a beneficial effect on sleep.
Another explanation is that most women reported normal sleep duration and the cohort did
not include enough poor sleepers to show the beneficial effect of physical activity on sleep,
as has also been suggested in previous studies among the general population.12 Furthermore,
pregnant women report awakenings due to discomfort, restless legs, and increased urination
frequency2, which are pregnancy-related and perhaps would disturb sleep regardless of
physical activity.
We used cluster analysis to define physical activity behavior profiles. This method has been
used in physical activity studies,28, 29 but not to describe pregnant women's activity.
Traditionally, research on pregnant women's physical activity has only included recreational
physical activity,33 whereas we were able to combine six modes. As part of our findings, we
identified seven clusters, one of them being the inactive cluster. Previous studies in the
general population have revealed that the amount of physical activity may have a dose-
response type of association with sleep.12 In line with this finding, the most active cluster
(combined recreational and indoor household activity cluster), with 17.8 MET h/wk, was
associated with sleep quantity. On the other hand, the second highest total MET h/wk was
reported for the mixed cluster (recreational-indoor household-outdoor household, 13.4 MET
h/wk) and no associations were found. Thus, it could be speculated whether different modes
of activity counterbalance each other since their effect on sleep may be of an opposite
direction (as shown in tables 2 and 3). Our findings on sleep duration, particularly, showed
that various modes of physical activity had opposite directions in terms of the associations.
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This study used self-reported measurements of physical activity and sleep, which are subject
to recall and misclassification bias. The sleep measurements have been used before and have
good validity.25 The physical activity recall was designed for pregnant women and has
shown from moderate to good validity and reliability.34 Due to the cross-sectional nature of
these data, when interpreting these results, one should consider the temporal sequence and
that the association between physical activity and sleep may be reciprocal and subject to
reverse causality.12, 13, 18, 35 Also, some of the confounders could be mediators and that
control for these variables may be an over adjustment, such as depressive symptoms and
anxiety.
Many clinic-based pregnancy studies have limitations in terms of generalizability.36, 37 In
the preceding PIN Study cohorts it is reported that underrepresented women were more
often younger, African American, less educated, had higher parity and higher pregnancy risk
profile.36, 37 This cohort was limited to one prenatal clinic associated with a tertiary care
hospital and may not be representative of a general pregnant population.
Conclusion
Among this cohort of 1259 pregnant women, occupational and indoor household physical
activity modes and the recreational-indoor household activity cluster were related with sleep
duration. Physical activity was not associated with sleep quality. More research is needed to
understand if physical activity should be recommended for improving sleep, especially
studies using prospective designs. Physical activity could be a safe, non-pharmacological
treatment for sleep disorders during pregnancy. Further research should investigate whether
type, mode, duration, intensity, or time of the day of physical activity is associated with
sleep and whether it is sleep duration or quality where associations are found.
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The physical activity clusters. The y-axis shows geometric mean values of the past week of
physical activity in MET h/wk, the x-axis shows the clusters by physical activity mode, and
the total amount of physical activity in each cluster is stated above the bars.
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